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Here I compare the 32P procedure with the biotinstreptavidin-alkaline phosphatase method for the detection of (a) the f3-glucocerebrosidase gene in genomic EcoR I digests on Southern blots and (b) unlabeled probe, electrophoresed and transblotted onto nitrocellulose. Labeling the cDNA probe via the radioactive method proved to be the more sensitive, but nonradioactive labeling was much simpler and gave results more quickly. 
MaterIals and Methods

Materials
SDS and nitrocellulose
Procedures
Isolation of cDNA for p-glucocerebrosidase. The 2.2-kb cDNA clone composed of the total normal human /3-glucocerebrosidase coding regions was isolated by Sorge et al. (4) from a human fibroblast library in Agtll. This was subcloned into the EcoR I site of the plasmid pBR322 and subsequently generously made available for this study. After amplification in Escherichia coli HB1O1 cells, I subcloned the cDNA into the EcoR I site of the vector SP65, further amplified it, and purified this by digesting the SP65 vector containing the 2.2-kb fragment with EcoR I, electrophoresing the digest on 8 g/L low-melting-point agarose gels, and extracting the 2.2-kb band (5) (6) (7) . Quantification 0fDNA. The cDNA isolated above was quantified by the method ofLaBarca and Paigen (8), based on the enhancement of fluorescence seen when bisbenzimidazole binds specifically to DNA. DNA electrophoresis. DNA samples (and the 1-kb ladder) that did not require digestion were mixed with 2 L of 10-fold concentrated high-salt buffer, 2 L of RNase (10 pg/mL solution), 2 L of dye loading buffer (9) , and water, to give a final volume of 20 pL. Samples requiring digestion were incubated in high-salt buffer (final volume, 18 jL) with EcoR I (4 units/pg DNA) and RNase, either for 3 h (plasmids) or overnight (genomic-DNA isolated from leukocytes) at 37#{176}C. The reaction was terminated with 2 L of dye loading buffer. Electrophoresis was carried out essentially as described (10) at 100 V for 3 h for plasmid DNA and 20 V overnight for genomic digests in "TBE" buffer (per liter: 89 mmol each of Ths-borate and boric acid, and 2 mmol of EDTA for both the gel and the running buffer). Southern transfer. After transblotting the DNA from agarose gels to nitrocellulose as outlined (11) , I air-dried the filters, then heated them in a reduced-pressure oven for 2hat8O#{176}C.
Radioactive labeling of cDNA. I labeled the cDNA with 32P by the "random primed" labeling technique (see Materials), using [a32P]dATP. Briefly, the procedure was as described in the kit instructions. I reacted 2 pg of probe for 3 hat 37#{176}C with 50 Ci of dATP (plus dTFP, dCTP, dGTP, and Klenow fragment, all in the kit) in 20 L of provided reaction buffer. Labeling time was longer than the recommended 30 mm, but was optimal for our probe. After stopping the reaction with EDTA, I separated the doublestranded labeled DNA from the unreacted single-stranded cDNA and from excess labeled dATP by using a Pharmacia NICK column. The isolated labeled probe had a specific activity of 3.5 x i0 counts/mm per microgram of cDNA. This procedure is straightforward but must be done with extreme caution and constant monitoring, because high amounts of radioactivity are involved (initially), and the subsequent storage of the probe and disposal of the waste must meet regulatory standards for safety.
Testing the chromogenicity of biotinylated DNA. I applied 20, 10, 5, 2, and 0 pg of kit-provided biotinylated A phage DNA, plus 1 pg of herring sperm DNA (provided in the kit) per spot, to nitrocellulose as dot blots. After drying the blots in an oven for 1 to 2 h at 80 #{176}C, under reduced pressure, I reacted them with streptavidin-alkaline phosphatase, nitroblue tetrazolium, and 5-bromo-4-chioro-3-indolylphosphate as described by BRL. Color was apparent within 10 mm, but strips were generally left for as long as 3 h for optimal color development. The labeling procedure is relatively simple, and can be carried out safely in the laboratory with no special precautions. I used the same procedure to label the phage A DNA supplied by BRL. Both forms of biotinylated DNA were dot-blotted onto mtrocellulose and reacted as described in the Testing ...paragraph.
Hybridi.zation conditions. The prehybridization solution used for the Blugene experiment contained, per liter, 500 g of formamide, fivefold concentrated Autoradiography.
Nitrocellulose 
Results
Color Reaction
To ensure that the systems being compared were working as described, I had to test several factors. The color reaction was tested with biotinylated DNA (in the presence of Figure 2 representing roentgenograms of 24, 72, and 168 h, respectively. One nanogram was visible after one day, 500 pg after three days, and 10 pg after seven days. This did not increase any further after a two-week exposure. The background was high even after an overnight exposure, and it continued to increase with time. The radioactive procedure was 5000 times more sensitive, but exposure time was longer (days vs mm). The sensitivity has to be balanced against an ever-increasing background. However, where the signal is strong, a shorter exposure time would allow a clearer picture of the band, with less darkening of the film around the area. The background was very low in the 250-pg region in lane c, for example, but increased with time, as in lane d. In the biotin system there is very little that can be done to obtain a higher signal, even if one is willing to forego a low background.
Hybridization of Probes to Digests of Genomic DNA
I then compared the two systems with respect to their reactions with EcoR I-digested restriction fragments of genomic DNA that had been isolated from leukocytes. 1,2, and 3) . The 2.2-kb band represents hybridization to the unlabeled probe (lane 4), used as an internal control. Lanes 1, 2, and 3 represent DNA isolated from leukocytes of a carrier for Type II Gaucher's disease (the neurological form), the patient with Type II disease, and a control, respectively (13). The color reaction was specific and rapid (30 mm). No bands were visible for less than 10 pg of DNA, even after 24 h. Figure 4 illustrates results obtained with the radioactive probe. I detected hybridization in the same 12.5-to 13.5-kb range with as little as 0.5 pg of EcoR I-digested genomic DNA applied, a sensitivity 20-fold higher than that observed with the nonradiolabeled probe.
DIscussion
Using Blugene, I could detect as lii1s 2 pg of biotinylated DNA on dot blots. One must not confuse the sensitivity of the color reaction with the lowest limit of transblotted DNA detectable by using a biotinylated probe, which was 50 ng. This part of the procedure was not a test for the detection of hybridized probe, because no hybridization occurred. One could not draw any subsequent conclusions, however, without ensuring that the linked color reaction was not a limiting factor.
My limit of detection of transblotted cDNA with the 32P vs the biotinylated cDNA probe, was considerably better: 10 pg (vs 50 ng), a 5000-fold decrease. Hyypia (14) pylon DNA that could be detected by either a 32P (6-S X 106 counts/mm per milliliter of medium)-labeled or biotinlabeled probe was 100 pg. Probably dot blots are not a good measure of sensitivity, because they do not reflect the ability of a labeled probe to detect DNA after electrophoresis, Southern blotting, and then hybridization.
It is hard to compare these results with the ones presented here, because the present investigation was done with transblotted DNA. None of these results approach detecting a signal from hybridization to 0.25 pg of target DNA, as demonstrated by BRL (see Introduction).
In the BRL experiments mentioned in the Introduction, in the cases cited in the preceding paragraph, and in Figures 1 and 2 , hybridizationwas to complementary strands of DNA: plasmid to plasmid, or genomic DNA fragment to same (1-3), viral to viral DNA (14) , or genomic to genomic DNA (15) , or eDNA to cDNA, respectively. Concentrations of probe or radioactivity, or both, in the hybridization media were found to be similar in different laboratories.
The Blugene literature describes the detection of a signal from 2 pg of Mst 11-digested genomic DNA on a Southern blot when probed with a biotmnylated Mat II genomic fragment ofthe (3-globin gene.However, I did not detecta signal below 10 pg of genomic DNA with the biotinylated cDNA probe for /3-glucosidase. This may be related to the presence of 10 intron sequences in the gene (16) , which are absent in the full-length cDNA. This adversely affects the hybridization potential energy and forces the intron regions of the genomic DNA to loop out. In this regard, it is interesting to note that Leary et al. (2) found the a-globin cDNA gene probe gave a much weaker signal than the /3-globin genomic probe when tested on genomic fragments. It has not yet been determined whether /3-glucocerebrosidase is a single copy gene, but it is in low (0.0004%) abundance in human hepatoma libraries (13) . Only the 32P-labeled cDNA probe hybridized detectably to band(s) from 0. 5 pg of genomic DNA, a 20-fold (0.5 vs 10 pg) difference.
In these experiments, the background was acceptably low in the nonradioactive system, an experience different from that reported by Dykes (17) . On the other hand, the radioactive method can result in very high backgrounds, despite stringent washing conditions, related in part to the strength of the signal and the exposure time. Wetherall et al. (15) , Hyypia (14) , and Leary et al. (2) reported high backgrounds with isotopes, much the same as presented here.
Most laboratories will choose to adopt the BRL method as outlined, because altering conditions requires considerable research time. One must therefore be aware that the limit of detection differs from system to system. Neither I nor the others (14, 15) obtained the sensitivity described by BRL. The method, while lacking extreme sensitivity, is rapid, specific, involves a stable probe, and has very little background contamination.
It can be used under appropriate conditions where reasonable quantities of DNA are available. Use of 32P, unfortunately, continues to be the most sensitive method for small quantities of DNA. For less than 10 pg of genomic DNA, when probing with cDNA, I strongly recommended the use of isotopes, based on results presented in this paper. Even under conditions where the biotin system may seem suitable, it would be expedient to investigate the system thoroughly, using radioactivity, comparing the two methods before adopting the nonradioactive procedure.
There is a demand for nonisotopically labeled DNA probes for several reasons: (a) 32P is expensive; (b) 32P has a short half life, and must be used as soon after arrival as possible; (c) the labeled probe also has a short life, and must be used immediately after labeling or within a matter of days; (d) use of 32P is dangerous and requires a special "hot lab," disposal facilities, a special license, trained personnel, special washing facilities, and monitoring procedures, and it carries the inherent danger of contamination;
and (e) autoradiography requires a dark room and developing facilities, which are readily available free of charge only in a hospital. Blugene obviates these problems, representing a step forward. However, a product with higher sensitivity is required.
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